[Purpose] The aim of the study was to investigate the effect of kinesio tape on pain, range of motion, and disability of the shoulder. [Subjects and Methods] Seventy-four female patients who underwent modified radical mastectomy participated in this study. They were randomly divided into two groups, an experimental group that received kinesio tape for the shoulder joint in addition to a conventional physiotherapy program and a control group that received the physiotherapy program only. Outcome measures included the Visual Analogue Scale, shoulder range of motion, and Shoulder Pain and Disability Index.
INTRODUCTION
According to the latest report of the International Agency for Research on Cancer (GLOBOCAN 2012), breast cancer (BC) is by far the world's most common cancer among women and the most likely cause that a woman will die from cancer worldwide 1) . In Egypt, the highest incidence rates for cancer among men were in the liver (33.6%) and bladder (10.7%), while in females they were in the breast (32.0%) and liver (13.5%). It has been estimated that by 2050, the incidence of cancer will be 3-fold that in 2013 2) .
The American Society of Clinical Oncology (ASCO) revealed that the majority of women who had undergone BC surgery complained of postsurgical shoulder pain with limited upper arm range of motion (ROM) extending until 1.5 years after surgery 3) . Likewise, the prevalence of chronic shoulder pain in patients following mastectomy due to BC has previously been reported to be 20% to 68% [4] [5] [6] [7] [8] [9] [10] . This adversely affects activities of daily living (ADL) 11) . Co-existing lymphedema often accounts for chronic postsurgical shoulder pain, limited ROM, and decreased muscle strength 12) . Postmastectomy shoulder limitation is greater in patients treated with radiotherapy 13) . In addition, it has been reported that women who underwent breast-conserving surgery were less likely to demonstrate shoulder restriction impairment compared with those who had undergone mastectomy 14) .
Early physiotherapy intervention for treatment is perceived to improve treatment outcomes. Accordingly, upper ROM exercises lasting 6-12 months after mastectomy have been shown to improve shoulder mobility and reduce pain 15, 16) .
One of the current techniques being utilized is kinesio taping (KT), which was developed by Dr. Kenzo Kase in 1973. Kinesio tape is thinner and more elastic than conventional tape 17) and can be stretched by approximately 40-60% of its resting length 18, 19) . The recommended duration for wearing the tape is approximately 3-5 days 20) . The concept that underlies KT for pain reduction is reduction of the pressure on pain receptors, muscles, and tendons, and this facilitates recovery without limitation of ROM 21) . Additionally, KT provides sensory stimulation, decreases formation of adhesions and contractures, increases skin softening, improves skin pliability, and reduces scar formation 22) .
Though some research and studies have demonstrated the effect of KT in the management of different cases 17, 20, [22] [23] [24] , evidence is lacking regarding the effect of KT on postmastectomy shoulder problems. Thus, this study was implemented to determine the effects of KT on pain, ROM, and disability of the shoulder in postmastectomy patients. This may provide valuable evidence supporting the importance of KT in the management of shoulder complaints in such cases.
SUBJECTS AND METHODS
The study employed randomization and selected 74 postmastectomy female patients with postoperative shoulder pain and dysfunction admitted to the National Cancer Institute. The inclusion criteria were as follows: modified radical mastectomy at least 2 weeks previously and currently undergoing chemotherapy and radiation therapy for stage I or II breast cancer, presence of shoulder pain with associated limitation of motion of the shoulder, and good compliance and willingness to participate in KT sessions with written consent. Subjects were excluded from the study due to the following reasons: diagnosed with active BCA at the time of the study; presence of skin hypersensitivity to Kinesio tape material; presence of treatment contraindications including the presence of a pacemaker, heart disease, pregnancy, infectious disease, epilepsy thrombophlebitis, arterial hypertension, or metastatic cancer; and presence of mental disturbances of the sensorium or language problems that could make communication and cooperation problematic.
The Research Ethics Committee (P.T. REC/012/001249) of the Faculty of Physical Therapy, Cairo University, approved this study, which was registered with ClinicalTrials.gov under identifier number NCT02749539, and patients were assessed for eligibility. If a patient met the inclusion criteria, she was provided with a consent form to sign to declare acceptance and was randomly allocated to either the control or experimental group through random assignment. This was done by having a physical therapist randomly pick names from a registry of qualified patients written on paper. Selection of names was conducted in the presence of another physical therapist, and each selected name was assigned to a group by alternating between the two groups. Names of patients assigned to each group were collected and coded using Microsoft Excel 2010 for windows (Microsoft Corp., Redmond, WA, USA). A patient flow diagram is presented in Fig. 1 .
Subjects in both groups received routine physical therapy treatment, which consisted of active-assistive range of motion exercises (AAROME), active stretching, and strengthening exercises for the shoulder joint. Likewise, patients also received postural correction exercises. Initially, the patients were given general exercise instructions regarding wearing loose and comfortable clothing. They were also informed that all exercises should be performed slowly and gently within the pain-free range. Furthermore, they were told that they should breathe regularly during the exercises.
Exercises were performed at home as well as in a clinic under a physiotherapist's supervision. Two sets of 15 repetitions of each exercise were performed for AAROME and strengthening exercises. Two sets of 10 repetitions with 15-sec hold and relax times were performed for active stretching exercises. Finally, 3 sets of postural correction were performed with 3-5 repetitions per set.
In the first week, Codman's exercises, finger ladder, overhead pulleys, self-stretching, and postural correction (from crook and supine lying positions) exercises were performed.
In the second week, the same exercises as in the first week were repeated in-addition to self-stretching by pushing against a wall, hand behind the back towel stretching, static strengthening against a wall, and postural correction (from sitting and standing positions) exercises.
The control and experimental groups performed physical therapy exercises 3 times a week during the two-week intervention period. The experimental group additionally received KT as an adjunct treatment, which was reapplied every 3 days interval within the 2 weeks of the intervention by a certified kinesio taping practitioner.
Standard 2-inche Kinesio Tex R tape was used for taping in the experimental group. General application guidelines consistent with the procedures described by Kase et al. 18) were followed. KT was applied using 4 strips of Kinesio tape, with the first 3 strips comprising the first KT application, which was performed with the inhibition technique with 15-25% tension.
First strip was an I strip applied over the supraspinatus. The anchor was applied just below the greater tuberosity of the humerus without tension. Then, the patient was instructed to adduct, extend, and internally rotate the shoulder in conjunction with contralateral neck flexion. The rest of the tape strip was applied along the spinous process of the scapula and ended with no tension.
Second strip was a Y-strip for the deltoid. The anchor was applied on the deltoid's insertion with the first tail applied to the anterior deltoid as the arm was externally rotated and horizontally abducted. The second tail was applied on the posterior deltoid with the arm in horizontal adduction and internal rotation. Both tails ended with no tension.
Third strip was an I-strip KT applied to the teres minor muscle. The anchor was placed over the lower facet of the greater tuberosity with no tension. The patient's arm was in shoulder flexion with horizontal abduction and internal rotation. The end of the tape was applied with no stretch at the inferior angle of the scapula.
The fourth strip, comprising the second KT application, was applied with the mechanical correction technique with 50% to 75% tension. It was I-strip (cut down in middle) and was applied from the coracoid process anteriorly to the posterior deltoid with downward pressure by the tape at the region of perceived tenderness for the shoulder joint.
The outcome measures were shoulder pain intensity measured with the Visual Analogue Scale (VAS); active ROM of shoulder flexion, abduction, and external rotation; and the Shoulder Pain and Disability Index (SPADI). For the VAS, patients were asked to place a perpendicular line on the scale that corresponded to their perceived pain intensity. VAS scores describe the postoperative pain intensity as none, mild, moderate, or severe. The following cutoff were used for the VAS pain scale: 0-4 mm, no pain; 5-44 mm, mild pain; 45-74 mm, moderate pain; and 75-100 mm, severe pain 25) .
Using a universal goniometer, shoulder ROM of flexion, abduction, and external rotation of the affected side were measured. Shoulder flexion and external rotation were assessed with the patient in a supine lying position, while abduction was investigated in an upright position. In this study, an experienced physiotherapist assessed shoulder ROM before and after intervention. The KT was applied after the initial evaluation and was removed before the final assessment, so the tester was blind with respect to the group assignments.
The SPADI was developed to evaluate the shoulder pain and disability. It consists of 13 items that assess two domains: a 5-item subscale that measures pain and an 8-item subscale that measures disability. The total score is calculated by averaging the pain and disability subscale scores 26) . The SPADI has reliability coefficients of ICC≥0.89 in a variety of patient populations 27) . Its internal consistency is high, with Cronbach's α typically exceeding 0.90 27, 28) . The SPADI demonstrates good construct validity, correlating well with other region-specific shoulder questionnaires 27, 29, 30) . The translated version of the SPADI in the Arabic language showed excellent internal consistency, with a Cronbach's α values of 0.98, and test-retest reliability 31) .
All the collected data were tabulated in the PASW Statistics Version18 to apply both descriptive and inferential statistics. Both the paired and unpaired t-test were used to indicate inter-and intragroup differences. The p-value was set at 5%.
RESULTS
Seventy-four patients underwent modified radical mastectomy. However, only sixty-three completed the study. Demographic characteristics of the subjects are provided in Table 1 . Baseline characteristics and pre-and posttreatment scores for outcome measures are presented for both the experimental and control groups. No meaningful difference existed between the groups when matched. A summary of the mean scores for each of the outcomes measured, pain, shoulder ROM (shoulder abduction), and SPADI, are presented in Table 2 . The decreases in scores recorded for the VAS and SPADI are indicative of improvement. The increases in scores for shoulder ROM indicate improvement.
The control group showed no change in the VAS score (p=0.071), indicating that there was no significant difference in pain intensity compared with the pretreatment score. The experimental group showed a mean difference of 1.63 points in VAS score in comparison with the mean difference of 0.72 points in the control group. The experimental group showed significant improvement both within and between groups (p=0.0001 and p=0.025, respectively). Both groups showed significant withingroup improvement (p=0.0001) in shoulder flexion ROM after two weeks of treatment. The experimental group improved by 36.50°, while the control group improved by 11.2°.
For the experimental group, a significant difference was noted between groups (p=0.0001) in respect to shoulder flexion. Measurement of both shoulder abduction and external rotation in the experimental group showed significant improvement both within and between groups (p=0.0001, p=0.001), shoulder abduction and external rotation improving by 28.70° and 15.4° respectively. There was no significant difference (p=0.123, p=0.195) in the control group, with shoulder abduction and external rotation only improving by 3.3° and 4.06°, respectively.
In terms of the SPADI, the experimental group showed significant improvement within and between groups (p=0.001), the SPADI score decreasing by 8.8 points between before and after treatment. There was no meaningful difference noted within the control group (p=0.103), which showed a decrease of 2 points.
DISCUSSION
Few studies have been performed to evaluate the clinical effects of shoulder KT with physical therapy in patients suffering from shoulder-related problems following mastectomy, but several authors have reported pain reduction following KT application 17, 20, 23, 32) . Regarding pain intensity, the current study found a greater decrease in the experimental group after KT application compared with the control group. This is consistent with findings that showed a greater pain reduction after applying KT compared with application of physical therapy alone 33) . Noticeable clinical improvements were evident by the second week of treatment and similar to statistically significant findings reported for the reduction in pain between before and after treatment with KT 17, 33, 34) . In contrast, Akbas et al. 35) did not report significant pain reduction despite the addition of physical therapy treatment and concluded that KT was not even superior to sham taping/placebo taping.
Generally, the results related to shoulder ROM after KT were significant both within and between groups in the experimental group when baseline and posttreatment values were analyzed. Several authors have previously reported improvement of shoulder ROM accompanied by reduction of pain intensity with KT application 24, [36] [37] [38] . In the present study, the improvement in shoulder ROM after KT application in addition to physical therapy was similar to findings 20, 39) of earlier studies. Concomitantly, pain reduction resulted in improvement in shoulder abduction, flexion, and external rotation ROM. In contrast, there was only significant improvement in shoulder flexion when both pre-and posttreatment values were compared in the control group.
In contrast, the shoulder flexion results of our control group, a previous study reported that shoulder abduction primarily showed a significant difference after physical therapy and was the only outcome to improve 20) .
Several reasons may account for pain reduction through the use of KT application. One of these possible reasons is the Gate Control Theory. The tape used for KT is presumed to stimulate the neuromuscular pathway through an increase in afferent feedback 20) . Under the Gate Control Theory, an increase in the afferent stimulus to large-diameter nerve fibers can lessen the input received by small-diameter nerve fibers conducting pain sensation 20) . Another possible mechanism is activation of circulatory and neurological systems with movement 37) . The tape can be used to support muscles, fasciae and joints in addition to allowing unrestricted ROM. Depending on the amount of applied stretch, potential benefits of the application involve the provision of a stimulus through the skin based on the position of the taping, the facilitation of fascial tissues alignment, and the creation of additional space through the lifting of fasciae and soft tissue above the area affected. This lifting effect increases the amount of the space and reduces localized pressure, which eventually improves circulation and lymphatic drainage 40) . This mechanism is perceived to be the underlying rationale for reduction of swelling and muscle spasm 20) . In terms of shoulder movement facilitation through its entire ROM, the stretching of the skin over the region caused by KT, guides the shoulder through the arc. An improvement in glenohumeral motion will facilitate the effects of KT. This will decrease the mechanical irritation present in the soft tissues surrounding the shoulder joint 20) . The current study showed that KT had a significant effect in terms of improvements in pain intensity, disability scores, and shoulder ROM. Therefore, KT can be used in combination with physical therapy interventions. Furthermore, clinicians should be able to recognize the benefits achieved through the use of adjunct treatment options such as KT in comparison to benefits that can be obtained through the use of individual modalities in physical therapy. KT can be suggested and recommended for postmastectomy patients, especially for pain, ROM, and disability of the shoulder.
The limitations of this study were the short duration of KT application and the small sample size. Therefore, clinical trials should be conducted with a larger sample size for an extended period of time. Further research may produce additional information on the potential benefits of KT as an adjunct treatment with physical therapy in postmastectomy patients. Clinical messages are:
• The use of KT with physical therapy modalities decreases shoulder-related signs and symptoms after mastectomy.
• KT application reduces shoulder pain and its resultant effects on disability with improvement of shoulder range of motion.
• The use of KT in combination with physical therapy can be recommended for pain relief in patients with shoulder limitation of motion.
Conflict of interest
Sayed A. Tantawy and Dalia M. Kamel declare that they have no competing interests.
ACKNOWLEDGEMENT
The research did not secure any specific grant or source of funding from any specific organization in either the private or public sector.
The authors would like to thank Dr. Pocholo B. Trinidad for his assistance in editing of the manuscript.
